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Constraints on the Higgs!
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Pushing the Envelope of Smash n’ Grab!

3 !

WW 

• $Q/R+#,98$/V:/,<T/8#7$:,91/$
:,9;0"W98$:,9"/77/7$"9R/,<8E$T+86$
9,;/,7$9?$T+E8<#0;/$<8$",977$7/"W98$

Run II 

1st Observation in 
Hadron Collisions 

1st Observation 

• $*+86$X,7#7$;0,<8E$Y08$ZZ$S/DED$[\&$\\&$7<8EB/$#9:@$

• $.9C$,/+"=/;$701]:<"91+,8$",977$7/"W98$7/87<WR<#6$
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Tevatron, CDF, D0 !

4 !

CDF 

^$
!9.3 fb-1 of data delivered 
More than 8 fb-1 acquired per experiment 
Results presented today use up to 6.7 fb-1 

D0 
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SM Higgs Production & Decay at Tevatron!
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3<E=$*+77$29C$*+77$! (gg" H ) = 0.2 #1 pb

! (qq "( ) # HV ) = 0.01$ 0.3 pb

! (qq "( ) # Hqq "( ) ) = 0.02 $ 0.1 pb
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High Mass Higgs Search (WW)!
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3<EE7$><E8+B$V)($

b+"-E,908;$T9;/B<8E$R+B<;+#/;$07<8E$
7/B/"W987$90#7<;/$9?$7<E8+B$,/E<98$
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High Mass Higgs Search (WW): Strategy!
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•  ><T:B/$/R/8#$"908W8E$<7$89#$E99;$/890E=$S>cdb$#99$B9C@H$e7/$
*Lf$#/"=8<U0/7$#9$;<7",<T<8+#/$1/#C//8$7<E8+B$+8;$1+"-E,908;H $$

!  *+#,<V$AB/T/8#7$S*A@&$./0,+B$./#C9,-7$S..@&$b997#/;$5/"<7<98$Q,//7$Sb5Q@$

! $$$A+"=$"=+88/B$+8;$*3$=6:9#=/7<7$=+7$<#7$9C8$*Lf$#/T:B+#/$

• $>/:+,+#/$+8+B67<7$<8#9$"=+88/B7$16$>cb$,+W9$<8$B/:#98$:0,<#6$+8;$g/#$
T0BW:B<"<#6H$(&$)$+8;$'`$g/#7$

! $4987<;/,$=9C$EEh&$[3&$\3&$+8;$[bh$"+8$?//;$#=/7/$"=+88/B7$

[[$1+"-E,908;$

3<EE7$><E8+B$V)($

($g/#$ )$g/#$ '`$g/#7$
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Theory & Uncertainty (High Mass Higgs)!
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[/$T+-/$07/$9?$C/BB]T9WR+#/;$+8;$7#+#/]9?]
#=/]+,#$EB098$?07<98$",977]7/"W98$"+B"0B+W987$
+8;$08"/,#+<8W/7$

• $EE$i$3$07/7$..22$`$..2!$"+B"0B+W987$j./V#$#9$
./V#$#9$2/+;<8E$29Ec!,;/,k$;/$hB9,<+8$l$K,+mm<8<$
SG=67D2/nDbo%JH'M)]'MJ&$'((M@$

o $>9p]EB098$,/70TT+W98$#,/+#T/8#$
o $*>Q['((q$G+,#98$5/87<#6$h08"W98$

• $f8+7#+7<90&$b90E=/m+B&$G/#,</BB9$Sr3AGH
(M(JH((P&$'((M@$

o $G,9:/,$#,/+#T/8#$9?$!]U0+,-7$+#$.2!$
o $Z8"B07<98$9?$#C9]B99:$/B/"#,9C/+-$/s/"#7$

f$;/#+<B/;$/V:B+8+W98$9?$90,$:,9"/;0,/7$+8;$
+,E0T/8#7$"+8$1/$?908;$+#H$
=n:Hcc#/R8:=CED?8+BDE9Rc,/70B#7c>*t3<EE7t>0TT/,t)(c
+;;/8;0T,/7:987/t9"#'()(D=#TB$

Y/C/<E=#$GuQ3Zf$3<EE7$-<8/T+W"7$#9$?0BB$
..22$"+B"0B+W98$

4987<;/,$7+T/$R+,<+W987$?9,$;9T<8+8#$[[$
1+"-E,908;$
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Low Mass Higgs: Associated Production!
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•  [=<B/$7T+BB/,$",977]7/"W98$S#=+8$EB098$
?07<98@&$X8+B$7#+#/7$+,/$T0"=$"B/+8/,$

•  *+<8$<8E,/;</8#7H$
–  2/:#987$9,$*AQ$+BB9C$B+,E/$,/;0"W98$<8$
1+"-E,908;7$#9$E9$+p/,$;9T<8+8#$!!$
;/"+6$"=+88/B$

–  !]#+EE<8E$;,+T+W"+BB6$,/;0"/7$[c\$`$B<E=#$
g/#$+8;$v45$1+"-E,908;7$

•  f8+B67/7$B99-$?9,$+$10T:$<8$#=/$;<g/#$
T+77$7:/"#,0T$
–  K99;$08;/,7#+8;<8E$9?$!!$T+77$,/79B0W98$
<7$",<W"+B$
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Backgrounds and Resolution!
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S:B ~ 1:3500 

WH!l!bb 

S:B ~ 1:400 S:B ~ 1:100 

WH!l!bb WH!l!bb 

•  fp/,$)$9,$'$1]#+E7$
"   ><E8+B$,/E<98$C<#=$/8=+8"/;$7<E8+B$c$1+"-E,908;$

b-quark jet 

(Do$w])$

)$!]#+E$ '$!]#+E$

Z! bb
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Multivariate Techniques for Low Mass Higgs!
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•  b9#=$/V:/,<T/8#7$,/B6$98$
+;R+8"/;$#/"=8<U0/7$$
–  ..&$*A&$b5Q$

•  L+B<;+#/;$<8$9#=/,$+8+B67/7&$
,/U0<,/7$/V"/BB/8#$
08;/,7#+8;<8E$9?$#=/$
;/#/"#9,7$

–  AV#/87<R/$"+#/E9,<m+W98$#9$
<T:,9R/$7/87<WR<#6$
•  ADED$J$!]#+EE/,7$S;<7:B+"/;$
R/,#/V&$#,+"-$<T:+"#$
:+,+T/#/,&$..@$

•  *0BW:B/$B/:#98$"+#/E9,</7$
<8"B0;<8E$B97/$98/7$#9$
<8",/+7/$+""/:#+8"/$ •  b+6/7<+8$..$90#:0#$<8$

[3!BR!!$+8+B67<7$
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Low Mass Higgs Limits !
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[3!BR11$

\3!RR11$

5+#+$"987<7#/8#$C<#=$/V:/"#+W987$
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“New” Low Mass Search Channel: H->γγ!
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•  >T+BB$bYx(D'O&$10#$+$8+,,9C$10T:$
•  >/87<WR<#6$<7$+$7#,98E$?08"W98$9?$A*$"+B9,<T/#/,$,/79B0W98$
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Searches in Combination (CDF)!
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No Channel Left Behind! 



!"#$%&$'()($ *+,-$./01+0/,&$234$5+67$'()($

CDF & D0 Individual Combinations!
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@ mH = 100 GeV, both set observed limits below expectation 
Closing in on low mass LEP exclusion  
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Tevatron Combination!
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"   29C$T+77$7/87<WR<#6$+::,9+"=<8E$2AG$
/V"B07<98H$$

"   AV:/"#/;$)DJNy>*$F$))N$K/L$

"   AV:/"#/;$)D'Jy>*$F$)(N$K/L$

"  3<E=$T+77$MNO$42$/V"B07<98$H$$
"  )Nq$z$T3$z$)%N$K/L$

"  AV:/"#/;$S)No$z$T3$z$)%N$K/L@$
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MSSM Higgs Search!
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•  AV#/8;/;$3<EE7$7/"#9,$<8$
>e>u$T9;/B7$
•  Φ = (30, f0, =0) +8;$3{$

•  3<EE7$"90:B<8E$
/8=+8"/T/8#$+#$B+,E/$
#+8|H$
–  2+,E/$<8",/+7/$<8$",977]

7/"W987$"9T:+,/;$#9$>*$
•  ADED$EE!Φ&$E!!!Φ$

–  59T<8+8#$EE!Φ!!!$<7$7WBB$
;<}"0B#&$10#$8/C$X8+B$
7#+#/7H$
•  Φ!!!$
•  Φ!!!!!&$!!!$
•  Φ!!!!!!!&$!!!!$

•  45h$+8;$5($"9T1<8/;$7/+,"=$
?9,$Φ!!! C<#=$'$w])$
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MSSM Higgs Search!
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• *>>*$3<EE7$P!$7/+,"=$$S~`!!$!!`!@$
! 49T:B/T/8#7$*>>*$3$i$��$7/+,"=$
! Y/B</7$98$45h�7$#,<EE/,]B/R/B$!]#+EE<8E$07/;$<8$!$:=67<"7$
! ./C$R/,7<98$9?$+8+B67<7$'V$T9,/$+""/:#+8"/$

"  T3$�$)J($K/L$T97#$7<E8<X"+8#$/V"/77$
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“New” MSSM Higgs Search!
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•  5(�7$~i��`!"
– 59/7$89#$70s/,$?,9T$
,+;<+WR/$"9,,/"W987$
<8",/+7<8E$3<EE7$C<;#=$<8$
~i!!`!"

–  AV"B07<R/$?,9T$~i��$
•  G,9R<;/7$7<T<B+,$7/87<WR<#6$

Signal:  
tan " = 40 
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Combined SM Higgs Constraints (Gfitter)!
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Prospects for SM Higgs from the Tevatron!
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Conclusions!
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•  5<,/"#$7/+,"=/7$?9,$#=/$>*$3<EE7$+#$#=/$Q/R+#,98$+,/$
7U0//m<8E$#=/$+BB9C/;$*3$,+8E/$?,9T$19#=$B9C$+8;$=<E=$

•  MNO$4D2D$/V"B07<98$?9,$)Nq$z$*3$z$)%N$K/L$

•  2<T<#$)DNy>*$F$))N$K/L$

•  b>*$7/+,"=/7H$"987<7#/8#$C<#=$>*$
•  '�$<8$45h$*>>*$~!!!$B+,E/7#$;<7",/:+8"6$S#=07$?+,@$

•  3<EE7$7/+,"=$9R/,$#=/$8/V#$?/C$6/+,7$C<BB$1/$<8#/,/7W8E$
$jQ=/,/$+,/$#C9$T<7#+-/7$98/$"+8$T+-/$+B98E$#=/$,9+;$#9$#,0#=�$$$$$$$$$$$$$$$$$
$89#$E9<8E$+BB$#=/$C+6&$+8;$89#$7#+,W8Ek$

Siddharta Gautama, the founder of Buddhism, 563-483 B.C$
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Extras!
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Higgs Production!

24!
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What might a signal look like?!
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• G/,?9,T$#=/$?9BB9C<8E$#/7#H$$

– Z8g/"#$7<E8+B$C<#=$T3$�$))N$
K/L$<8#9$:7/0;9/V:/,<T/8#7$

• \3iBB11&$[3iBR11&$
\3iRR11$$

• Y/70B#H$7B<E=#$/V"/77$$
– ><T<B+,$#9$917/,R/;$B<T<#7$
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Search for Higgs with 4 quark Generations!
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J#=$U0+,-$E/8/,+W98$:9:0B+,$#=/9,6$#9$,/79BR/$>*$;<7",/:+8"</7$+8;$
:,9;0"/$8/C$4G$R<9B+W98$
f8+B67<7$H$

• $EEi3$:,9;0"W98$/8=+8"/;$<?$8/C$J#=$E/8/,+W98$U0+,-7$T9,/$
T+77<R/$#=+8$#9:$
• $T3$z$P(($K/L$/B/"#,9C/+-$:,/"<7<98$X#7$F$oqO4D2D$
• $e7/$/V<7W8E$3i[[$+8+B67<7$?,+T/C9,-$

AV"/77$"90B;$7<E8+B$19#=$/R<;/8"/$
?9,$3<EE7$19798&$+8;$/R<;/8"/$?9,$
J#=$E/8/,+W98$9?$U0+,-7$

45h$`$5($"9T1<8+W98$H$)P)$z$T3$z$
'(J$K/L$/V"B0;/;$
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Increasing Higgs Acceptance!
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!,<E<8+BB6H$WE=#$#,<EE/,7$l$B/:#98$Z5U$.9CH$70<#/$9?$#,<EE/,7$+8;$
B997/$B/:#98$Z5$

• $4=+BB/8E/$H$*9;/B$<T:9,#+8#$-<8/T+W"7$?9,$<8",/+7<8EB6$:99,B6$
,/"987#,0"#/;$/R/8#7$
• $h9,$<87#+8"/&$45h$[3!Ba11$+8+B67<7$H$
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Removing Difficult Backgrounds!
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3<EE7$7<E8+B7$"+8$=+R/$B+,E/$*AQ$
• $\3$!$aa11&$[3$i$BR11$SB/:#98$T<77/;@$
• $2+,E/$v45$T0BWg/#$C<#=$T<7T/+70,/;$g/#7$
• $G/+-7$8/+,$C=/,/$7<E8+B$/V:/"#/;$<8$*gg$

*0BWg/#$,/T9R+B$#/"=8<U0/7$7+R/$#=<7$"=+88/B$
• $*AQ$7<E8<X"+8"/$
• $*<77<8E$#,+"-$GQ$S*GQ@$
• $Q9:9B9E<"+B$,/U0<,/T/8#7$
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Improving Mbb Resolution !
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3$!$!!$7<E8+B$7<E8<X"+8"/$/8=+8"/;$16$<T:,9R<8E$*gg$,/79B0W98$

f::B6$*AQ$"987#,+<8#$#9$"9,,/"#$g/#$/8/,E</7$

*gg$,/79B0W98$<T:,9R/T/8#7$<8$9#=/,$+8+B67/7$H$
• $Q,+"-$T9T/8#+$C<#=<8$g/#7$+;;<W98+B$"987#,+<8#$Sx$j:+,W"B/$�9Ck@$
• $5<7:B+"/;$R/,#/V$<8?9$#9$;/#/,T<8/$1997#$9?$!]=+;,98$


